Abstract-Small circular spots of light were focussed on otherwise unilluminated retinas of paralyzed fish. C~c~~~rnu bi~e~~tu~ The retinas were sub~uently examined histolo~cally, and a small circular region was found within which the cones and pigmented retinal epithelium were photomechanically tight adapted; rods could not be resolved. The same result was obtained with the optic nerve cut. The region was circular and about the same size as the adapting spot. There existed a transition zone between light-and dark-adapted regions within which the photomechanical state was intermediate. These results exclude the hypothesis that light-induced retinomotor phenomena are systemically controlled. and favor local control. An analysis of the transition tone favors the view that photomechanical light adaptation of a given ce11 may be caused by light caught by that cell or its neighbors.
INTRODUCTION
In many fish and amphibia, the relative positions of photoreceptor outer segments and retinai epithelia1 pigment depend upon the ambient light level. While in the dark, the myoids of the rods contract such that their outer segments assume a position close to the outer limiting membrane. The cone myoids lengthen, displacing their outer segments sclerad, near the melanin granules in the pigment epi~eIium. During light adaptation, these positions gradually reverse; rod outer segments move sclerad while cone outer segments and melanin granules move vitread These photomechanical movements are usually interpreted as adaptations of the retina to its photic environment (Ali, 1975 : Arey, 191% Recent work (Bumside. 1976 Murray and Dubin, 1975) has contributed toward an understanding of the moiecular basis of some of these phenomena. In contrast, our work was intended to elucidate the locus of control of the retinomotot activity. Our results will be interpreted according to the following three general hypotheses.
(1) Systemic control. The movements might be controlled by a circulating hormone or by central neural influences. According to this hypothesis, some center in the brain (or elsewhere) would receive information about ambient light levels, and distribute signals (chemical or neural) to the photoreceptors and pigment epithelium. The early experiments of Arey (1916) suggested that systemic controt might be mediated by efferent fibers to the retina. Although in Arey's time the existence of efferent fibers was uncertain, it is now more strongly established (Sandernan and Rosenthal, 1974; Vanegas, Amat and Millan-Essayag, 1973; Witkovsky, 1971) . The systemic hypothesis gains further support from the observation that retinomotor activity follows a circadian rhythm, even in total darkness (John, Segall and Zawatsky, 1967).
(2) Intercellular local control. The photomechanical activity of an individual cell might result from light received by itself and its neighbors. Nearby cells would intercommunicate synaptically or via secretion of some locally diffusible substance. This hypothesis is made plausible by the discovery of functional interreceptor contacts in several vertebrates (Baylor, Fuortes and O'Bryan, 1971; Copenhagen and Owen. 1976; Fain, Gold and Dow&, 1376) , and by the intraretinal presence of melatonin (Bubenik, Brown and Greta 1976) .
(3) Intracellular local control. The photomechanical activity of an individual cell might result only from the light received by that cell.
Our experimental approach has been to shine a small focussed spot of light on the retina, and then to measure, in histological sections, the spatial extent of the adapted region. An abstract of our fmdings has appeared elsewhere (Easter and Macy, 1976) .
iMETHODS
This work was first begun at the Bermuda 3iological Station, using a reef fish, Haemulon sciurus, the whitestriped grunt. Upon returning to Ann Arbor, the experiments were continued on a different species, Cichlasoma biocellarum, the "Jack Dempsey", 7-13 cm long, readily available at local pet stcres. All the results reported here were obtained on the tatter fish, but similar observations were made initially on the grunt. All successful experiments were carried out between March and mid-July of 1976; late summer experiments yielded uninterpretable results.
A diagram of the Maxwellian view stimulator is shown in Fig, 1 . An image of aperture A2 (0.5 mm dia) is brought to focus in the center of the entrance pupil (2.1-3.Omm dia) of the fish's right eye. The circular aperture, At, was imaged at the back focal plane of LS and therefore on the &h's retina, assuming that the eye is emmetropic. This is a controversiai assumption (Schwassmana 1975), and our use of a smalf pupillary aperture was intended to
